The relationship between alcuronium requirements and the plasma concentration of albumin and total globulin was investigated in 50 adult patients undergoing elective upper abdominal surgery. No significant correlation was obtained with the plasma proteins (g/100 ml plasma). A significant positive correlation between alcuronium requirements and plasma albumin x (1 -PCV), especially in anaemic patients, was found. This relationship tended to decrease with time.
induction. Anaesthesia was induced with thiopentone 2.5% (100-275 mg), followed by suxamethonium 1 mg/kg to facilitate tracheal intubation. Anaesthesia was maintained with nitrous oxide in oxygen (2 : 1), with IPPV from a Manley ventilator with a minute volume of 7.5-9.0 litre and a maximum inflation pressure of 15-25 cm H 2 O. Following recovery from the effects of suxamethonium, alcuronium 0.15 mg/kg was injected i.v. Incremental doses of 2 mg were given when the patient moved or swallowed, or when relaxation was not adequate for surgical access. To six patients who showed signs of inadequate anaesthesia, such as sweating, lacrimation or large and reactive pupils, fentanyl 0.025-0.05 mg was given i.v.
The requirements for alcuronium at 30, 45, 60, 75 and 90 min after the first dose were calculated (mg/kg). These were then correlated with the plasma protein measurements.
Two venous blood samples were taken as soon as possible after induction for determination of PCV and serum protein concentrations, the latter being taken to represent plasma protein concentrations. Total serum proteins were determined by the Biuret technique, and albumin by the dye (bromocresol green) method using an autoanalyser. Total serum globulin was calculated by subtraction. Electrophoresis was not performed.
RESULTS
Most operations lasted for less than 75 min after the first dose of alcuronium. The numbers of patients at the different observation periods are shown in table I. Op. C = cholecystectomy V = vagotomy A = albumin (g/100 ml serum) Gx = gastrectomy P = pyloroplasty G = globulin (g/100 ml serum)
The results of PCV and serum protein determinations together with alcuronium requirements in each patient are set out in table II.
Albumin
The relationship between requirements of alcuronium (mg/kg) and serum albumin (g/100 ml of serum) at the specified intervals, is shown in table III. There is no significant correlation. However, if serum albumin is expressed as g/100 ml of blood by multiplying by the factor (1-PCV), the correlation becomes significant at 30, 45 and 60 min (table III) . Figures 1 and 2 show the relationship at 30 min, before and after applying the factor.
The correlation coefficient decreases with time so that at 75 and 90 min the correlation is not statistically significant, except in patients with PCV 39 or less (table III) .
Globulin
There was no significant correlation between alcuronium requirements and total globulin concen- trations either before or after applying the factor (1-PCV) (table III) . DISCUSSION The results of this investigation agree generally with previous reports (Stovner, Theodorsen and Bjelke, 1971a ) that there is a relationship between alcuronium requirements and albumin concentrations, but no relationship with globulin concentrations. However, in this series the correlation with blood albumin concentration (g/100 ml blood) is better than that with serum albumin concentration (g/100 ml serum). It would seem that the former is a better indicator of the total amount of albumin available for binding with alcuronium. This may reflect the fact that the blood volume is more constant than the plasma volume, the latter being affected by PCV. Thus in patients with equal body weights and equal albumin pools, those with higher PCV and smaller plasma volumes will have higher plasma albumin concentrations. The blood albumin concentrations, however, remain relatively unchanged. Stovner, Theodorsen and Bjelke (1971a) found a correlation between alcuronium requirements and plasma albumin concentration. Perhaps the PCV values of their patients were more uniform, although no values were given. In the present series the PCV varied within a wide range of 15-48%.
TABLE III. Correlation coefficients for alcuronium requirements and albumin expressed asgllOO ml serum (a) and gllOO ml blood (b). Similar calculations for alcuronium and globulin data (c) and (d) and for the albumin data subdivided in respect of PCV 39 or less ((e) and (/)) and 40 or more {(g) and (h)). The asterisk denotes statistical significance
It may be argued that the blood volume in anaemic patients is not constant. However, alcuronium requirements correlate better with blood albumin concentrations compared with serum albumin, even in patients in whom PCV is 39 or less. The same is true for those with PCV values less than 35 (table II) . It is not understood, however, why the correlation is poor when PCV is 40 or more.
It is of interest that the correlation tended to diminish with time, although this was less marked in the anaemic group. Several factors may be responsible: (1) Muscle relaxation is achieved when a certain proportion of receptors in the myoneural junction have been occupied by a blocking drug (Paton and Waud, 1967) . In the present investigation small doses of alcuronium were used deliberately so that requirements could be compared. In the early phases of the operation doses of alcuronium may reflect the amount required to achieve the necessary receptor occupancy. Subsequently the problem is complicated by the duration of action of alcuronium. This aspect of relaxant activity has been discussed by Feldman (1973a) . It is probable that such factors are not identical in all patients. Furthermore, it is unlikely that the duration of action is much affected by the amount of albumin in the blood.
(2) The plasma proteins are not the only acceptor sites for binding of myoneural blocking drugs (Feldman, 1973b) . The size of the total pool of receptors is difficult to determine and may be different for the various relaxants, depending on their water and lipid solubilities (Cohen, Hood and Golling, 1968) . For the first administration of the drug binding may occur at receptor sites in the plasma proteins, but, later, the total acceptor pool becomes significant. Unless the ratio plasma pool: total pool is the same in all patients, the relationship between drug requirement and plasma pool is likely to be variable. (3) Blood transfusion during operation is likely to alter the protein concentration in the blood, and may thus affect the relationship to drug requirement. In this series only six patients (all in the anaemic group with PCV less than 40) received blood (0.5-1 litre) during the first 90 min. The effect on the relationship to drug requirement was insignificant. Indeed, the correlation was poorer if these six patients were excluded. It is not known whether more massive transfusion would have a significant effect on the relationship. Similarly, changes in the acid-base status influence the actions of myoneural blocking drugs (Baraka, 1964 (Baraka, , 1967 . Their effects on the relationship were not studied.
It is difficult to reconcile the present findings with those obtained by Stovner, Theodorsen and Bjelke (1971a) who found a significant correlation at 90 min. The differences in minor details in the methods employed (the initial and incremental doses of alcuronium, expression of alcuronium requirements in mg/kg or mg/m 2 ) are not sufficient to explain the discrepancy. However, racial and geographic factors (Katz et al.j 1969) cannot be excluded. It may be, for instance, that patients in the present series (all Chinese) have a larger total acceptor pool, in relation to the plasma acceptor pool, which takes up alcuronium more rapidly.
